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Abstract 
Agricultural activity needs electricity and oil products. Given the economic and ecological problems, there is a need 
to resort to the use of renewable energies which are free and non-polluting and efficient equipments that consume less 
electricity in farms. In this sense, this study focuses on reducing both types of energy consumption in the farms 
whose activities are based mainly on animal farming and irrigation by feeding from a grid-connected system using a 
PV generator and power grid. All devices used in the studied agricultural farm and the all agricultural activities 
practiced in this agricultural farm such as irrigation, livestock and conservation of farming products in the summer, 
has guided our choice for this pilot farm. From this point of view, this case can be generalized for northern Algeria 
farms and for worldwide sites witch have the same sunning conditions. Thus, the ultimate objective is to make power 
generating farms in Chlef (Algeria).  
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1. Introduction  
According to the national agency for the promotion and rational use of energy, the final energy 
consumption in Algeria reached 20 million TOE during year 2007, when the population reached 34.4 
million inhabitants. Thus, agriculture and water consumed 1.4 million TOE (Fig. 1) [1]. To reduce the 
energy consumption generated by electricity from power grid and oil products, the grid-connected PV 
systems can be used in water pumping for irrigation [2, 3] and for livestock water supply and can be used 
for lighting of barns and storage buildings and also, can be used for cooling agricultural products. 
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Nomenclature 
h  Hour                                                                    PV   Photovoltaic 
NPC Net present cost                                                  TOE Tonne of oil equivalent 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
2. Presentation of the site 
The city of Chlef is located 200 km west of the capital of Algeria, it occupies a strategic position due to 
its geographical location. According to the weather station of the Chlef city, Fig. 2 shows the average of 
sunshine duration and Fig. 3 shows the average temperature for each month in this city. Our case study, 
we will study a farm that includes a barn that houses fifteen cows and six calves, two buildings of 
materials and storage of feed, an orange grove of twenty hectare, seven cold rooms, irrigation well and 
pool of  80 m3 of water and four homes which their electrical equipments are all grid-powered.  
Consideration will be given to feed this farm from grid-PV system depending on the sunlight conditions 
of Chlef city. Most of the newest photovoltaic systems installed nowadays are connected to the utility 
grid. The world-wide market for this technology tends to be classified in three main categories: small PV 
systems (1–5 kW) for private homes; medium PV generators integrated in commercial, industrial and 
office buildings (usually 10–250 kW) and centralized PV power plants (100 kW up to 5 MW) [4]. 
 
 
 
 
 
 
Fig. 1 Final energy consumption by sector [1] 
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Fig. 3 The monthly average of temperature of  Chlef city
Fig. 2 The average of sunshine duration of Chlef city
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Fig. 4 shows the agricultural farm we studied and its geo-localisation is specific for Chettia municipality 
located at 06 km from west of Chlef city (latitude: 36°10’ N and longitude: 1°16’ E). As well as, we will 
use the software HOMER to simulate a grid-PV system. This software allows the simulation and 
optimization of power systems that can be connected to the grid or not. It is able to modelize 
combinations of several systems including wind, PV, diesel generator and battery, it performs an energy 
audit schedule along a year for each system configuration entered by the user. Use of this software is to 
provide the power consumption per hour for an entire year, data of different sources of energy introduced, 
the number and cost of each equipment used, and also the cost of installation and maintenance. It then 
displays a list of configurations system sorted by net actual cost, sensitivity analyzes can also be 
performed for some variables [5-7]. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
3. Farm’s power consumption 
Basing on the 12 electricity bills, Fig. 5 shows the total power consumption for each month during 2011. 
Fig. 4 Picture of the agricultural farm of Chlef  
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4. Design and simulation of a grid-PV system
4.1 Consumption periods
Basing in our case study, the power consumption is divided into three periods.
4.1.1 First period 
It runs from January to March and from October to December. In this period, we have the following
power consumption:
• The power consumption of the four inhabitants.
    • The power consumption of the agricultural farm (the refrigerating machine which permits the                            
cooling of the milk tank and the agitator providing the homogenization of the temperature of the
milk are off).
• The power consumption of the submerged pump (to fill the water tank used to supply water for
livestock, the four inhabitants and other needs such as watering gardens, cleaning farm equipments
        ....).
    • Cold rooms are off.
4.1.2 Second period
It runs from April to May, and also contains the month of September. In this period, we have the
following power consumption:
• The power consumption of the four inhabitants.
• The power consumption of the agricultural farm (the refrigerating machine which permit the cooling
Fig. 5 Total power consumption of the agricultural farm
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       of the milk tank and the agitator providing the homogenization of the temperature of the milk are  
       off). 
     • The power consumption of the submerged pump (to irrigate the orange grove and fill the water tank  
       used to supply water for livestock, the four inhabitants and other needs such as watering gardens,  
       cleaning farm equipment ....). 
     • Cold rooms are off. 
 
4.1.3 Third period 
 
 It runs from June until August. In this period, we have the following power consumption: 
     • The power consumption of the four inhabitants. 
     • The power consumption of the farm. 
     • The power consumption of the submerged pump (to irrigate the orange grove and fill the water tank  
        used to supply water for livestock, the four inhabitants and other needs such as watering gardens,  
        cleaning farm equipment ....). 
     • The power consumption of cold rooms. 
 
4.2 Development the power consumption profile for agricultural farm 
 
To establish an efficient and reliable grid-PV system with the less cost of investing in the farm, it is 
necessary to resort to the use of electrical equipments that consume less electricity compared to those 
used in the four inhabitants and in the farm. Among the equipments that we will substitute are: 
Lighting: lamps for inhabitants, the barn, the cold rooms and the two materials and fodder storage 
housing. 
Irrigation: The submersible pump that the farmer uses for irrigation has a power of 75 kW and a flow rate 
of 120 m3/h, it works 4.47 hours per day from mid-April until the end of September (168 days). The 
volume of water pumped by the pump during the irrigation period is 90 115 m3. 
We will use   electric submersible pump for water well which the flow rate is 90 m3/h, its power is 37 kW 
and head HMT is 231 m. 
So that the farmer continues to irrigate his orange grove using the same volume of water from mid-April 
until the end of September and using this pump, he should irrigate during 06 hours each day, in this case, 
this daily flowrate is acceptable because the average duration of sunshine in the Chlef city between April 
and September is always greater than 8 hours, and to cover his water needs in winter with the same 
volume of water that is about 26 m3 per day, he should run the pump about 17 minutes per day. 
To get a more accurate simulation as possible which will give a design of an installation closer to reality, 
we will make three profiles that give electricity consumption per hour according to three periods of the 
year of this agricultural farm and the four inhabitants. 
In the Table 1 we will establish a daily electricity consumption based on economic optimization time 
using different equipments and electrical machines and time of use (especially in daylight where the 
presence of sunlight is strong and especially summer time when it coincides with high electricity 
consumption), but always keeping the work habits of the farmer. 
In the first period the daily consumption will be 48 kWh/day. 
In the second period the daily consumption will be 260 kWh/day. 
In the third period the daily consumption will be 764.45 kWh/day. 
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Table 1 
Distribution of electricity consumption per hour in three periods during 
 
Hour 
 
Month of consumption 
[kWh/day] 
Jan-Feb-Mar-Oct -Nov-
Dec 
Month of consumption 
[kWh/day] 
Apr-May-Sept 
Month of consumption 
[kWh/ day] 
Jun-Jul-Aug 
1 0.252 0.252 19.932 
2 0.252 0.252 19.932 
3 0.252 0.252 19.932 
4 0.252 0.252 19.932 
5 0.252 0.252 20.662 
6 1.222 1.222 20.722 
7 3.622 3.772 24.202 
8 0.252 0.252 22.887 
9 3.992 3.992 21.832 
10 3.375 3.375 21.832 
11 2.262 39.262 58.942 
12 1.187 38.187 58.802 
13 10.612 37.252 67.617 
14 3.052 40.052 69.332 
15 2.122 39.122 68.402 
16 3.992 40.992 58.802 
17 4.469 3.555 22.352 
18 2.076 2.076 21.516 
19 2.046 2.046 23.046 
20 1.496 1.496 22.261 
21 0.252 1.346 21.026 
22 0.252 0.252 20.622 
23 0.252 0.252 19.932 
24 0.252 0.252 19.932 
Total 48 260 764. 45 
 
 
4.3 Analysis of power consumption 
 
The daily average consumption per year is calculated by dividing the total consumption of the whole year 
2011 by 365 days. According to the bills, the total consumption of the whole year 2011 equals to 107 181 
kWh/year and the daily consumption equals to 294 kWh/day. In our design, the total consumption   equals 
to 102 725 kWh/year and the daily consumption for this year equals to 281 kWh/day. 
HOMER software will use the latter daily consumption "281 kWh/day" in the simulation of our PV-grid 
system. HOMER software will simulate all feasible systems. The number of combinations will be 
calculated as follows: We have 5 powers to the PV system, one power for the grid and 4 powers for the 
converter. The number of combinations will be 20. 
 H. Maammeur et al. /  Energy Procedia  36 ( 2013 )  1202 – 1211 1209
4.4 Examination results 
 
When the software HOMER ends the simulation, it displays in a list (Fig. 6), all the feasible and 
optimized results found, they are sorted according to the cost-efficiency rate "Total NPC". 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
We therefore find that the HOMER software found that the system which the power of the PV system is 
50 kW, the power of the inverter  is 50 kW and the power of the network is 1000 kW has the best NPC 
which is $ 787 220. We will now study this system under different angles with HOMER software. 
From the Table 2, we find that the angle of 35° gives a better percentage of production of the PV 
generator with a NPC ratio lower than of those of angles 20°, 25° and 30°.                                                     
 
Fig. 6 HOMER simulation results  
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Table2                                                                                                                                                                           
Variation of the PV generator output in function of the inclination angle 
 
Inclination Angle [°] Production of the 
generation system PV [%] 
Ratio  NPC [$] 
20 56.47 790 477 
25 57.44 788 306 
30 57.66 787 220 
35 57.74 786 240 
40 57.45 785 813 
 
 
Fig. 7 shows the annual production of the grid-PV system, the annual amount of electricity taken from the 
grid, the amount of annual electricity fed into the grid and the annual consumption of the electrical 
equipments and also indicates that there are no electrical losses. 
 
 
 
Fig. 7 Grid-PV system of 50 kW 
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To get a general idea of our PV-Network, we have the following data, the annual electrical output of the 
PV generator is 88 259 kWh/year (58%), the amount of electricity that was taken from the network is 64 
599 kWh/year (42%), the annual consumption of electrical equipments is 102 566 kWh/year and the 
annual amount of electricity fed into the grid is 41 467 kWh. 
When we make an annual energy balance of the system of 50 kW between the amount of electricity that 
was taken from the network and which is 64 599 kWh and the one injected into the grid which is 41 467 
kWh, we will have a negative balance of 23 132 kWh, and this balance becomes positive when we will 
opt for a configuration of 65 kW but with a very high ratio of NPC. Given that the actual annual 
consumption of agricultural farm and the four inhabitants is less than 102 566 kWh/year because we have 
dimensioned each period according to the month in which the consumption is greatest. It means that the 
energy balance between the amount of electricity that was taken and the one injected into the network 
could be close to the positive. 
5. Conclusion 
The annual energy balance of this studied PV system from grid-connected agricultural farm, ensure that 
this model can be generalized for all farms located at a site witch have the same sunning conditions. This 
system would offer concrete benefits such as fuel and costs savings, environmental preservation (clean 
energy), available energy (excess electricity injected into the grid). Moreover, this annual energy balance 
is positive. This approach ensures the decision aid for improving farm’s energy-efficient consumption. 
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